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EXECUTI VE SUMVARY

This report, entitled "Hazard Analysis of Commercial Space
Transportation,”" is devoted to the review and discussion of
generic hazards associated with the ground, |aunch, orbital and
re-entry phases of space operations. Since the DOT Ofice of
Commercial Space Transportation (OCST) has been charged wth
protecting the public health and safety by the Comrercial Space
Act of 1984 (P.L. 98-575), it must pronulgate and enforce
appropriate safety criteria and regulatory requirenents for
licensing the energing commercial space |aunch industry. This
report was sponsored by OCST to identify and assess prospective
safety hazards associated with comrerci al |aunch activities, the
i nvol ved equipnent, facilities, personnel, public property,
peopl e and environnent. The report presents, organizes and
eval uates the technical information available in the public
domain, pertaining to the nature, severity and control of
prospective hazards and public risk exposure | evels arising from
comercial space |aunch activities. The US Governnent space-
oper ati onal experience and risk control practices established at
its National Ranges serve as the basis for this review and
anal ysi s.

The report consists of three self-contained, but conplenentary,
vol unes focusing on Space Transportation: . Operations; I1I.
Hazards; and I1l. R sk Analysis. This Executive Summary is
attached to all 3 volunes, with the text describing that vol une
hi ghl i ght ed.

Volune |: Space Transportation Operations provides the technica

background and term nol ogy, as well as the issues and regul atory
context, for understandi ng cormercial space | aunch activities and
t he associ ated hazards. Chapter 1, The Context for a Hazard
Anal ysis of Commercial Space Activities,_discusses the purpose,
scope and organi zation of the report in light of current national

space policy and the DOI/OCST regulatory m ssion. It also
i ntroduces sone basic definitions and outlines the approach to a
generic Hazard Analysis for future commercial space operations.
Chapter 2, Range Operations, Controls and Safety, discusses the
tracking and flight control systens, as well as the m ssion
pl anning and approval process. The chapter describes the
prel aunch ground safety and launch flight safety procedures
devel oped and enforced at the National Ranges to ensure |aunch
and m ssion success, personnel safety and to protect the public
from the potential inpacts of a |aunch accident. Chapter 3,

Expendabl e Launch Vehicles (ELV) Characteristics, introduces the
basi ¢ propul sion technol ogy, configuration and capability for
operational US |aunch vehicles (Titan, Delta, Atlas/Centaur,

Scout) likely to be commercialized in the near term ELV
hi storical |aunch performance, operational reliability data and




the bearing this record has on public safety issues are also
di scussed. Chapter 4, Launch and Orbital Operations, describes
the phases of space operations, from ground preparation to
| aunch, through orbital transfer, operation and re- entry. | t
al so provides the reader with sufficient background to understand
possible ELV and mssion failures during |launch, orbital
maneuvers and orbit insertion and operation.

Volune |1 : Space Transportation Hazards identifies and di scusses
the major and generic classes of hazards associated with each
phase of space operations. Chapter 5, Pre-launch and Launch

Hazards, identifies the types of hazards, such as explosions,
fires, toxic vapors and debris, as a function of accident
scenario and time after |aunch and defines their nature and
severity indices. Further, a conparative perspective on
potential ELV space |aunch accidents is provided by analogy to
nmore common and socially accepted transportation and i ndustri al
accidents involving chem cals and fuels. Chapter 6 is devoted to
Obital Collision Hazards, shedding |ight on the Low Earth O bit
(LEO and Geosynchronous Earth Orbit (GEO space environnment and
the increasing threat of on orbit collisions to spacecraft. The
sources and density of orbital debris are discussed and their
inplications for the probabilities of <collisions involving
operational satellites are quantified. Chapter 7 defines and
reviews Re-Entry Hazards and their quantification by addressing
the orbital |ifetinme and decay of space objects depending on
their orbital characteristics, the behavior and survivability of
space objects wupon re-entering Earth's atnosphere and the
uncertainties associated with predicting points of entry and
ground i npacts.

Volune 111: Space Transportation R sk Analysis introduces the
met hods and wuses of R sk Analysis as they apply to the
gualitative eval uation and quantitative assessnent of public risk
exposure fromcomerci al space operations. Chapter 8 introduces
the concepts of risk acceptability and relative risk and the
tools of Risk Anal ysis Methodol ogy devel oped for a broad range of
i ndustrial and regul atory purposes. These i ncl ude: failure
anal ysis nethods (which focus on failure nodes and failure
chains); consequence analysis nethods (which focus on the
severity of possible consequences of failures); hazard anal ysis
nmet hods (focused on the identification and ranking of hazards);
and i ntegrated probabilistic risk anal ysis nmethods, such as Fault
Tree Anal ysis, which quantify risk as the mat hemati cal product of
an event probability and its consequence nagnitude. Chapter 9
di scusses the Applications of Risk Analysis to Space Launch

Operations as used to date by the Gover nnent Agenci es (NASA, DOD,
DCE) concerned wi th assuring and mai nt ai ni ng hi gh operability and
safety standards for space |aunch operations. The chapter
reviews t he objectives, concepts, tools and uses of risk anal yses



conducted at the Nati onal Ranges by sponsoring agencies, in |ight
of de-facto risk/safety goals, criteria and priorities. Finally,
Chapter 10 provides an integrated CGeneric Ri sk Assessnent of
Representative Launch Scenari os background by review ng the risk
associated wth typical ELV mssions from current Range
| ocati ons. Then the benefits of established Range Safety
Controls are quantified, relative to their hypothetical absence,
enpl oyi ng the framework of a sinplified Cormunity Danmage ( COVDAM
nodel in a typical Ri sk Matrix eval uati on procedure.




